The objective of this study was to investigate the effect of dietary supplementation with calcium salts of soybean oil fatty acids (CaSO) and linseed oil fatty acids (CaLO) on c9,t11-CLA production in ruminal fluid and milk fat from Holstein dairy cows. Rumen fermentation, lactational performances and fatty acid profiles in ruminal fluid and milk fat were also investigated. Twenty multiparous Holstein dairy cows were allotted randomly into two groups consisting of ten cows in each group according to calving date and average milk yield. The first group of cows was fed a control (without calcium salts) diet and a treatment as 1.0% of CaSO (on DM basis) for 30 days in each period. In the second group, cows were fed the same control diet and 1.0% of CaLO as a treatment in the same manner. The forage: concentrate ratio was 52:48, and diets were formulated to contain 17% crude protein (DM basis) for both groups. Ruminal pH, protozoal numbers and the concentration of total volatile fatty acids were unchanged, however, the ruminal ammonia-N decreased by feeding CaSO or CaLO treatment compared to the control diet. The vaccenic acid (trans-11 C18:1; VA) in rumen fluid increased (p<0.01) by 169% and 153%, and the c9,t11-CLA content of rumen fluid increased (p<0.01) by 214% and 210% in the CaSO and CaLO treatments, respectively, compared to the control diet. In milk fatty acids, the VA content increased by 130% and 132% in the evening and morning milking times, respectively, and the c9,t11-CLA content increased by 125% in both milking times for the CaSO supplementation than that of control diet. In the case of CaLO supplementation, the VA increased by 117% and 114%, and the c9,t11-CLA increased by 96% and 94% in the evening and morning milking times, respectively, compared to the control diet. The contents of VA and c9,t11-CLA of milk fatty acids were numerically higher in the evening milking time compared to the morning milking time for control and both treatments. Finally, these results indicated that the supplementation of CaSO or CaLO treatment increased the VA and the c9,t11-CLA in both ruminal fluid and milk fat of Holstein dairy cows.
INTRODUCTION
Conjugated linoleic acid (CLA) is a mixture of positional and geometric isomers of octadecadienoic acid (C18:2) with conjugated double bonds, and the principal dietary sources of CLA are dairy products and other foods derived from ruminant animals (Chin et al., 1992) . In recent years, CLA has been the focus of considerable research efforts due to its potential health-promoting properties associated with its anticarcinogenic properties (Ha et al., 1987; Ha et al., 1990; Ip et al., 1991) , antiatherogenic in rabbits (Lee et al., 1994) and hamsters (Nicolosi et al., 1997) , an antidiabetic (Houseknecht et al., 1998) , affecting bone mineralization (Li and Watkins, 1998) , and causing nutrient partitioning (Cook et al., 1993; Miller et al., 1994) . The primary isomer of CLA is cis-9, trans-11 octadecadienoic acid, which possesses the ability to inhibit cancer, and it represents approximately 80 to 90% of the total CLA isomers in dairy products (Chin et al., 1992; Parodi, 1999) . CLA derives from two sources, the rumen origin and the endogenous origin (Griinari and Bauman 1999; Griinari et al., 2000) . The sequence of ruminal biohydrogenation of linoleic acid involves isomerization to form cis-9, trans-11 CLA followed by successive reduction to transvaccenic acid (trans-11 C18:1; VA) and stearic acid (Harfoot and Hazlewood, 1988) . The VA is then converted to cis-9, trans-11 CLA by delta-9-stearoyl-CoA desaturase in ruminant tissues, and it is the major source of cis-9, trans-11 CLA secreted in milk fat (Griinari et al., 2000) .
In view of the potential benefits to human health, there are some considerable interests in developing nutritional strategies for ruminant animals to increase the c9,t11-CLA in the milk fat. The biohydrogenation in the rumen that can alter the CLA production in milk fat is affected by the type and the amount of fatty acid (FA) substrate (Noble et al., 1974) , nitrogen content (Gerson et al., 1983) , and forage to grain ratio (Gerson et al., 1985) in the diet. A variety of fat sources as calcium salts were fed to increase the milk concentration of CLA as a method to protect dietary lipids from ruminal biohydrogenation (Chouinard et al., 2001; Giesy et al., 2002) . Dietary supplements of Ca salts of FA from soybean oil (CaSO) and linseed oil (CaLO) increased the CLA content of milk fat by three to five fold over the control diet (Chouinard et al., 2001) . A few reports are available on the biohydrogenation of Ca salts of FA from palm oil (Klusmeyer et al., 1991; and rapeseed oil (Ferlay et al., 1993) in the rumen. As far as we are aware, little information is available regarding rumen fermentation and FA composition by the feeding of CaSO or CaLO in dairy cows.
The objectives of this study were 1) to determine the effects of CaSO or CaLO in the rumen fermentation pattern and FA composition in ruminal fluid with special references for the VA and c9,t11-CLA in dairy cows, and 2) to investigate the VA and c9,t11-CLA content in milk fatty acids by feeding of those two Ca salt supplements with the comparison of different milking periods; i.e., the evening and the morning milking periods.
MATERIALS AND METHODS

Cows and experimental design
Twenty multiparous Holstein dairy cows (mean body weight, 670 kg) of different lactation stages were fed a basal total mixed ration (TMR). Following a 2-wk feeding period on the basal TMR, the twenty cows were divided into two groups of ten cows each according to mean milk yield (31 kg/d), mean number of days postpartum (153 days) and mean lactation number (2.0). Both of the two groups were composed of cows of early, mid and late lactation stages based on the calving date. Then, two trials were conducted for two treatments; the calcium salt of soybean oil fatty acid (CaSO) and the calcium salt of linseed oil fatty acid (CaLO) using two groups of cows. The first group of 10 cows was fed the basal TMR without the Ca-salts of FA as the control and the basal TMR supplemented with 1.0% of CaSO (DM basis) as treatment. Each period of the trial lasted for 30 days including a sampling period in the last two days for both the control and CaSO treatment. The other group was fed the control diet and the basal TMR supplemented with CaLO (1.0% of DM) as treatment in the same manner.
Dietary treatments
Holstein dairy cows were fed a basal TMR during the pretreatment and treatment periods. The TMR were formulated to meet CP recommendations, and the ingredients and chemical composition of the TMR are shown in Table 1 .
Dietary treatments were 1) the control (basal diet; no addition of Ca salts of fatty acids), 2) the diet supplemented with Ca salt of soybean oil fatty acids (CaSO), and 3) the diet supplemented with Ca salt of linseed oil fatty acids (CaLO). The addition of Ca salts of fatty acids from plant oils represented 1.0% of the DM intake of the diet which was added by supplementation (9.0% of supplement) in the basal diet.
Sampling of ruminal fluid and milk
Three diets were sampled to determine the DM in a forced-air oven at 65°C for 3 d. The feed intake was registered each day. The total mixed rations were kept at -20°C for chemical analysis. Samples of rumen fluid were obtained by a suction pump using a flexible stainless stomach tube (Fujihira Industries Ltd, Tokyo, Japan), on the last two days of each period at 2 h after the feeding time.
Approximately 400 ml of rumen fluid was separated from the particulate matter by straining the digesta through four layers of gauze. The ruminal fluid pH was immediately measured. The rumen fluid (1 ml) was diluted with methyl green-formalin-saline (4 ml) to count the ciliate protozoa (Mohammed et al., 2004) . Approximately 100 ml of the fluid samples was stored at -20°C until subsequent analysis.
Cows were milked at 0600 and 1700 h, and milk yield was recorded for four consecutive milking of the last two days of each period. Milk was sampled proportionally to the milk yield and the milk samples were split into two portions for analysis. One portion was refrigerated at 4°C for the analysis of milk composition. The other portion of each sample was stored at -30°C for the analysis of fatty acids by gas chromatography (GC).
Chemical analysis
Samples of TMR were freeze-dried, ground in a Wiley mill, and analyzed for CP, EE, Ash, ADF and NDF by AOAC (1990) and the Van Soest method (1991) . The rumen fluid samples were acidified with 3 N-H 2 SO 4 containing 12% metaphosphoric acid, and the concentration of the volatile fatty acid (VFA) was analyzed by gas chromatography (Model GC-8A; Shimadzu Co. Ltd, Kyoto, Japan) using a Thermon-3000 5% Shincarbon column (Shinwa Kako Co. Ltd, Kyoto, Japan) (Mohammed et al., 2004) . The concentration of ammonia-N was determined using the method described by Itabashi et al. (1984) . The fatty acids of the rumen fluid were determined by the method of Kamegai et al. (2001) .
Milk samples refrigerated at 4°C were analyzed for fat, protein, lactose and SNF by semi-automatic infrared spectroscopy (Foss 133B, Milko-Scan; Foss Electric, Hillerod, Denmark). Milk yield and milk fat percentage were used to calculate the 4% FCM. The portions of milk stored at -30°C were analyzed for individual fatty acids. The extraction of milk fat and the fatty acid methyl esterification (FAME) of extracted fat were made by the method of Kamegai et al. (2001) . FAME samples were analyzed using a gas chromatograph (Model GC-14B, Shimadzu Co., Kyoto, Japan) fitted with a flame ionization detector and integrator with a HR-SS-10 fused-silica capillary column (50 m×0.25 mm i.d.; Shinwa Kako Co. Ltd, Kyoto, Japan). Unlike the rumen samples (splitless), the split ratio in the injector port was 50:1 with a column flow of 1.0 ml/min of N 2 for the milk samples. The gas chromatography conditions were a multistage temperature program and the column oven temperature program was as follows: initial 50°C, then increased from 50°C to 180°C at 5°C/min and held for 15 min, and then raised to 220°C at 5°C/min, and finally held at 220°C for 30 min. The injector and detector temperatures were 250°C and 260°C, respectively. Peaks for individual fatty acid were identified by the retention time and comparison to known commercially prepared standards (GL Science Co. Ltd., Tokyo, Japan). The CLA standard was obtained from Rinoru Oil Mills Co. Ltd. (Tokyo, Japan). The CLA isomer reported was c-9, t-11-octadecadienoic acid.
Statistical analysis
Data were analyzed using the GLM procedure of SAS (SAS Inst., Inc. Cary, NC). The statistical model of all data, except milk fatty acids was as follows: y ij = u+F i +C j +e ij where y ij = dependent variable for cow on treatment i; u = overall mean; F i = the effect of the treatment (i = 1, 2); C j = the effect of the cow (1 to 10); and e ij = the error term.
The data of milk fatty acids were tested using split-plot ANOVA with the general linear models of SAS. The model was as follows:
where u = the overall mean; F i = the effect of the treatment (i = 1, 2) ; C j = the effect of the cow (1 to 10); (FC) ij = the effect of the interaction between feed and cow (as error); T k = the effect of the milking time (k = 1, 2); (FT) ik = the effect of the interaction between feed and milking time; e ijk = the error term. Considering the split-plot linear model, F and C were tested with FC as an error term, while T and FT were tested against e. Least square means were compared using protected least significant differences. Results were expressed as least squares means. Significance was declared at p<0.05 and p<0.01 unless otherwise noted, and trends were declared at 0.05<p<0.10.
RESULTS AND DISCUSSION
Production performances
Dry matter intake (DMI) did not differ significantly between cows fed the control diet and supplemented with the CaSO or CaLO diet (Table 3) . Previous studies Chouinard et al., 1998 ) also found the lack of an effect on DMI fed Ca salts of FA, which possessed the acceptability of the diets. The amount of Ca salts required to reach the limitation of intake depended on the experimental conditions and is probably a function of the energy requirement of the cows and the amount of energy provided by the basal ration (Chouinard et al., 1998) .
The milk production increased a little amount (approximately 8.5%) for the CaSO treatment; however, a significant (p<0.05) increase was observed for the CaLO treatment (approximately 11.3%) compared with the control diet ( Table 3 ). The present study was consistent with the finding of Chouinard et al. (1998) , in that milk yield increased linearly as the unsaturation of the dominant FA in the Ca salts increased. Linseed oil contains more linolenic acid than that of soybean oil (Table 2) . Therefore, the FA composition of Ca salts might influence milk yield. In addition, a little higher ME contents in the treatments of TMR than the control (Table 1 ) might be the reason for the increase of milk production by the treatments as well. Treatments also responded for 4% FCM production in the same manner as the milk yield in the present study (Table 3) .
Milk fat, protein and lactose percentages did not change for either of the treatments (Table 3) . Chouinard et al. (1998) found a drop in the milk fat percentage of 26.4 and 12.1% for CaSO and CaLO, respectively, using 4.0% Ca salts of FA (on DM basis) in the diet. Our study did not show a significant decrease in the level of milk fat by feeding Ca salts of soybean or linseed oil fatty acids. It might be a reason for the lower doses of Ca salts of FA (1.0% of the DM) in the diet. Table 4 shows the effects of CaSO and CaLO treatments on the ruminal conditions of dairy cows. The pH values of the rumen fluid tended to decrease (p<0.1) due to the Ca salts of FA supplementation. However, the protozoal count was unchanged for both treatments compared with the control. The ruminal ammonia-N concentrations fluctuated with supplementation and decreased significantly (p<0.01) for both treatments. On average, the rumen ammonia-N decreased by 31.7% for the supplementation of CaSO, and by 29.5% for the CaLO compared to the control diet. We are not aware of previous investigations of rumen fermentation with diets containing CaSO or CaLO supplementation. However, some previous studies of saturated fat sources observed that the addition of Ca salts of palm oil FA in the low forage diet increased the ruminal pH without changing the ruminal concentration of ammonia -N and VFA (Klusmeyer et al., 1991) . Moreover, the supplementation of animal fat (tallow and grease) to the animal diets decreased the ruminal ammonia -N associated with the reduced number of protozoa (Onetti et al., 2001 ). In our study, ruminal ammonia-N was decreased by the supplementation of CaSO or CaLO. It might be occurred due to the decrease of deamination in the rumen or might be the decrease of the number of rumen protozoa in the rumen. The reason of the first one might be acceptable, since the number of protozoa was unchanged by CaSO or CaLO supplementation in the present study. Thus, the CaSO or CaLO supplementation might therefore reduce the rate of deamination as well as decrease the ammonia-N concentration in the rumen. However, further study is necessary to understand properly the reason for the decrease of ruminal ammonia-N by feeding Ca-salts supplementation in dairy cows. As shown in Table 4 , the average ruminal concentration of total VFA, the molar proportions of propionate, isobutyrate, valerate and isovalerate, as well as the acetate:propionate ratio, were not affected significantly when the cows were fed diets containing CaSO or CaLO. However, the molar proportion of acetate was decreased, and butyrate was significantly increased (p<0.01) for both treatments (Table 4 ). The shifted rumen fermentation towards butyrate at the expense of acetate has been shown for the first time in the case of CaSO or CaLO supplementation, and it can be attributed to the associated significant (p<0.01) increase in the butyrate proportion in milk fat in the present study (Tables 6 and 7 ). This result is inconsistent with previous studies (Klusmeyer et al., 1991; Ohajuruka et al., 1991) in which acetate and butyrate did not differ significantly for Ca salts of long chain FA from palm oil. This might be a reason for varying the unsaturation of FA in Ca salts. Saturated FA is more stable than the unsaturated FA in the rumen. Ca salts of unsaturated FA were not completely inert to the rumen, and it dissociated to some extent in the rumen (Sukhija and Palmquist, 1990) .
Rumen fermentation and fatty acid composition in the rumen
The rumen is the site of microbial lipid metabolism. Lipolysis of dietary glycolipids, phospholipids and triglycerides leads to free fatty acids that are hydrogenated by microbes to more saturated end products. The fatty acid composition in the rumen was altered with CaSO or CaLO treatment compared with the control diet ( Table 5 ). As shown in Table 5 , the total medium chain fatty acids (≤C:15) decreased by 35.5 or 30.1%, and the total long chain FA (≥C:16) increased by 20 or 22% for CaSO or CaLO, respectively, than the control. The stearic acid (C18:0) increased by 13% for the CaSO (p<0.05) or 17% for the CaLO (p<0.01) treatments compared with the control diet. The changes in the proportions of saturated and unsaturated fatty acids were primarily results of decreasing the concentrations of C12:0, C14:0 and C16:0, and increasing the proportions of C18:1, C18:2, VA and CLA in the rumen fluid with the CaSO or CaLO diet compared with the control (Table 5 ). The total unsaturated fatty acids (USFA) were significantly (p<0.05) high in the rumen fluid of supplemental CaSO treatment (36.8% of the total FA) than that of the control diet (28.2% of the total FA). In case of the CaLO treatment, the total USFA was also high (p<0.01) (37% of the total FA) than the control diet (28.8% of the total FA). The reason for the alteration of the FA profile of the rumen fluid is not clear in this study; however, it might be a cause of added Ca salts of unsaturated FA and its dissociation in the rumen. The concentration of VA in the ruminal digesta increased (p<0.01) by 169% and by 153% for the CaSO and CaLO treatments, respectively, than the control diets, which were accumulated in the rumen (Table 5 ). The increase in the VA concentration, and the VA to C18:0 ratio (Table 5) are an indication of the incomplete biohydrogenation of unsaturated FA with CaSO or CaLO supplements. The mechanisms of incomplete biohydrogenation of unsaturated fatty acid are not clear in this experiment for both treatments; however, it might involve inhibition of the enzyme that catalyzes the final biohydrogenation step in the rumen (AbuGhazaleh et al., 2002) .
The concentration of c9,t11-CLA in the rumen also markedly increased (p<0.01) with Ca salt supplementation (Table 5) . It increased by 214% for the CaSO (CaSO vs. control; 4.6% vs. 1.5%) and by 210% for the CaLO treatments (CaLO vs. control; 3.9% vs. 1.26%). The objective of our study was to determine the effect of treatments on the ruminal fatty acids content, especially VA and c9,t11-CLA contents in the rumen. The large amount of VA and c9,t11-CLA in the rumen of cows fed CaSO or CaLO compared with the controls indicated the incomplete biohydrogenation of polyunsaturated fatty acids in the rumen. Thus, c9,t11-CLA could escape the rumen, and also VA could be converted to c9,t11-CLA in the mammary glands to increase the milk concentration of c9,t11-CLA (Tables 6 and 7 ). This is the first report on the fatty acids profile in the ruminal fluid feeding CaSO or CaLO in dairy cows, as far as we are aware.
Milk fatty acid profile
Most of the short and medium-chain fatty acids in the milk fat were unchanged or tended to decrease for the supplementation of CaSO or CaLO treatments, except the butyrate (Tables 6 and 7 ). The decrease indicated a lower de novo FA synthesis within the mammary glands that has been attributed to a direct inhibition of mammary acetylecoenzyme A carboxylase activity because of the increased mammary uptake of long chain fatty acids from plasma triacylglycerols (Storry, 1988) . The addition of CaSO or CaLO to the ration caused a significant (p<0.01) decrease in the proportion of saturated FA C16:0 (Tables 6 and 7) . The low concentration of C16:0 in milk fat may be considered beneficial to human health due to the association of C16:0 with hypercholesterolemic effects (McGuire et al., 1997) . The proportions of long chain fatty acids, namely, C18:0, C18:1, C18:2, VA and CLA increased significantly (p<0.01 and p<0.05) for the CaSO or CaLO treatments compared with the controls (Tables 6 and 7) . This result is supported by the previous study of Chouinard et al. (1998) . The greater production of long-chain fatty acids in the milk is associated with the increase of mammary uptake of long chain FA from plasma triacylglycerols (Storry, 1988) . As shown in the rumen FA composition (Table 5) , more long chain USFAs were produced with the supplementation of Ca salts, which were in turn found in milk FA. The fatty acid profile in milk fat has altered by the milking time too. The short and medium chain fatty acids tended to decrease (p<0.10) in most cases for the evening milking time compared with the morning milking time in the CaSO or CaLO treatments. The C16:0 showed a significant decrease and the C18:0 tended to increase in the evening milking time for both of the treatments group. The degree of unsaturation of long chain fatty acids specially for C18:1, VA and CLA were greater in the evening milking time than the morning milking time for both treatments of CaSO or CaLO (Tables 6 and 7) . This is the first report on varying the unsaturation of long chain fatty acids in the milk of different milking times.
The VA production in milk significantly (p<0.01) increased for both CaSO or CaLO treatments (Tables 6 and  7) . It increased by 130% and 132% for CaSO (Table 6) , and by 117% and 114% for CaLO treatments (Table 7) in the evening and morning milking time, respectively, than the control. It also tended to increase (p<0.10) in the evening milking time. The VA concentration in the milk FA was lower than the rumen FA for both treatments. This might be a result of the delta-9-stearoyl-CoA desaturase activity to produce c9,t11-CLA from the VA in ruminant tissues (Griinari et al., 2000) .
Our experiments were limited to the comparison of the two diets, however, if we compared the two control groups of both treatments, there was a little difference in the concentration of VA in the ruminal fluid and in the milk FA. When CaSO or CaLO was added to the diet as treatment, the concentration of VA in both the rumen and milk were higher for the CaSO treatment than the CaLO treatment compared to control diet. A previous study (Chouinard et al., 1998) showed that the proportion of VA was highest for the cows fed the CaSO diet than the CaLO diet. Tamminga and Doreau (1991) mentioned that C18:3 often completely hydrogenated to C18:0, however, the hydrogenation of C18:2 was not complete, and gave rise to the formation of (Table 2) . This might be a cause for the higher production of VA in the rumen and milk fat of the CaSO treatment than that of the CaLO treatment as compared to the control diet of both treatments. The c9,t11-CLA increased significantly (p<0.01) for the CaSO or CaLO treatments than the control (Tables 6 and 7) . The increase in c9,t11-CLA production was observed to be 125% and 124.5% higher in the CaSO treatment than the control (Table 6 ) for the evening and morning milking period, respectively. In the case of CaLO treatment, the c9,t11-CLA increased by 96% for the evening milking time and by 94% for the morning milking time (Table 7) . Chouinard et al. (1998) found a marked increased of CLA for CaSO (5-fold higher than the control) or CaLO (4-fold). However, we found a marked increase of c9,t11-CLA (4-fold) in the rumen FA rather than the milk FA for both treatments. Our study confirmed the enhancement of c9,t11-CLA production in the milk fat by feeding CaSO or CaLO, and also established that these treatments enhanced the c9,t11-CLA in ruminal FA without any disturbance of rumen fermentation. The c9,t11-CLA production tended to increase (p<0.10) in the evening milking time for the CaSO treatment and numerically increased for the CaLO treatment. We were aware that no previous data have shown the differences of the c9,t11-CLA production in different milking times. As this study was the first report on the effect of fatty acids composition including CLA in different milking times by feeding CaSO or CaLO, the reason for the differences of FA composition was not clearly understood in this study. Further study on the milking time effect might be suggested to understand the mechanisms of the variation of FA composition in milk.
Finally, it can be concluded from the present study that the VA and c9,t11-CLA content in the ruminal FA were increased remarkably by the feeding CaSO or CaLO diets in dairy cows. Results from the present research confirmed that the CLA content of cow's milk fat increased by both CaSO and CaLO diets in dairy cows. The value obtained in this trial was substantially higher than the average milk fat value of 0.3 to 0.6% c9,t11-CLA reported in the literature (Dhiman et al., 1999) . The milk FA profile was also altered by both treatments and the milking time. The concentration of VA and c9,t11-CLA in the milk FA also numerically increased in the evening milking time.
